There have been few studies of the psychopathology of patients with frontal lobe epilepsy (FLE). The majority of studies of both inter-ictal and post-ictal psychoses have strongly suggested the influence of temporal lobe disturbance on psychoses. Patients with organic brain damage or schizophrenia, however, sometimes show frontal lobe dysfunction. The purpose of this study was to better understand the effect, if any, of frontal lobe disturbance and seizure on psychopathology. Patients were divided into four groups based on epilepsy type and preceding seizures; 8 with FLE/inter-ictal psychosis, 3 with FLE/post-ictal psychosis, 29 with temporal lobe epilepsy (TLE)/inter-ictal psychosis, and 8 with TLE/post-ictal psychosis. Psychopathologic symptoms were retrospectively reviewed based on case notes, using a modified brief psychiatric rating scale (BPRS). Psychomotor excitement, hostility, suspiciousness, and hallucinatory behaviour were prominent features in all four groups. Six orthogonal factors were derived by factor analysis from the original data based on the 18 BPRS items. FLE patients with inter-ictal psychosis showed marked hebephrenic characteristics (i.e. emotional withdrawal and blunted effect). Our findings suggest that patients with FLE can exhibit various psychiatric symptoms. However, their psychotic symptoms, hebephrenic symptoms in particular, may often be overlooked.
INTRODUCTION
Schizophrenia-like psychosis (SLP), a condition characterized predominantly by delusions or hallucinations in a state of clear consciousness, is a common psychiatric problem among patients with intractable epilepsy 1 . SLP in epilepsy has been deemed phenomenologically distinct from pure schizophrenia. Early reports of epileptics with SLP indicated a general lack of catatonic features (i.e. unusual posturing and mannerisms) and relative absence of affective flattening (i.e. blunted, flat, or inappropriate affect) 2 . Several later studies based on improved diagnostic systems, however, have shown that there is no substantial phenomenological difference between epilepsy with SLP and schizophrenias 3, 4 .
Much more recently, post-ictal psychosis, in contrast to inter-ictal SLP, has been re-evaluated as a psychiatric phenomenon linked directly with seizures 5, 6 Several investigators have described post-ictal psychosis as an episode of psychosis with lucid interval and preserved consciousness, though patients may often be confused and subsequently amnesic regarding events that took place during the episode 5, 7 However, the phenomenology of post-ictal psychosis remains controversial.
The epileptogenic focus and/or the site of brain damage may play an important role in the psychiatric manifestations. Many researchers have regarded the temporal lobe as the main region responsible for both post-ictal and inter-ictal psychoses in epilepsy, given the high frequency of psychoses in patients with tem-poral lobe epilepsy (TLE) 2, 8 . As a result, little attention has been paid to the psychiatric symptoms of patients with extra-temporal neocortical epilepsy.
Some patients with frontal lobe damage such as tumour or injury do develop schizophrenia-like psychosis 9, 10 . Much evidence provided by neuroimaging 11, 12 , neuropathologic 13 and neuropsychologic 14, 15 studies suggests that the frontal lobe may also be involved in the process of schizophrenia. Although some investigations have reported that some patients with frontal lobe epilepsy (FLE) do develop psychotic symptoms 1, 16, 17 , the psychiatric symptomatology of FLE patients has been studied less exhaustively than that of TLE patients 18 . Investigations into psychopathologic symptoms associated with FLE may provide important clues as to the role of frontal lobe disturbance in the generation of psychotic phenomena.
Thus, we set out to determine whether patients with FLE show psychiatric phenomena distinct from patients with TLE. We also attempted to determine whether psychopathologic features in epilepsy have a direct relation to the phase of ictus (i.e. post-ictal and inter-ictal).
MATERIALS AND METHODS

Definition of psychosis
In our study, psychosis was defined as the presence of hallucinations, delusions, or severe behavioural abnormalities in a state of full consciousness; there could be no delirium. According to the ICD10 classification of Mental and Behavioural Disorders 19 , diagnosis applied to either organic hallucinosis (F06.0), organic catatonic disorder (F06.1), or organic delusional disorder (F06.2).
Selection of subjects
We identified 124 patients with a history of psychosis among 1285 patients with epilepsy who were registered at the Epilepsy Clinic of the National Centre of Neurology and Psychiatry (NCNP) in Tokyo as of 31 December, 1993 20 .
The inclusion criteria for the study were as follows: (1) psychiatric symptoms during active phases had been evaluated by qualified psychiatrists (mainly by one of the authors, TO) and well documented in clinical records. All psychotic symptoms had appeared after the occurrence of the first seizure. (2) The psychotic episode lasted more than 1 week. (3) The seizure manifestations were characteristic of either frontal or temporal lobe epilepsy. Clinical seizure phenomena, such as primary-motor, supplementary motor (adverse, postural), or frontal gestural automatism, were required as evidence of frontal lobe origin 17, 21 . Motionless stare, visceral sensation, oro-alimentary automatism or prolonged post-ictal confusion were considered evidence of temporal lobe origin 21 . (4) Epileptiform discharges such as spikes, sharp waves, or spike-slow waves, which were consistently localized either to the frontal region (mainly involving F3, F4, C3, C4, Fp1, or Fp2 electrodes of the international 10-20 electrode placement system) or to the temporal region (F5, F6, T3, T4, T5, or T6 electrodes) in serial electroencephalography (EEG) recordings 22 . (5) The clinical pictures were concordant with EEG findings. Patients with equivocal seizure symptoms or no epileptiform discharges on EEG studies were excluded.
Patients were divided into four groups based on epilepsy type (FLE vs. TLE) and ictus-related (post-ictal) or -unrelated (inter-ictal) psychosis. Eleven patients, 3 FLE and 8 TLE, developed psychotic symptoms within 1 week after a distinguishable secondary generalized tonic-clonic seizure or train of seizures (post-ictal psychoses). The remaining 37 patients, 8 FLE and 29 TLE, became psychotic without any signs of preceding seizure (inter-ictal psychoses). The mean (SD) age of subjects at the time of investigation was 42.3 (11.8) years. During these psychotic phases, there was no evidence of anticonvulsant toxicity or psychomotor status linked with EEG abnormalities in these patients. No patient had a recent history of head injury, substance abuse, or dementia.
Period of examination
The patients had regularly attended the Epilepsy Clinic for an average of 13.6 (7.6) years. As psychotic symptoms varied with each patient's course of illness 1, 23 , it was necessary to determine which period of the illness should be evaluated. The period during which a patient exhibited the most prominent psychotic symptoms was identified by one of the authors (NA) based on the clinical notes. The mean age of patients at the time of psychotic episode identified was 33.5 (10.7) years, which was 5.2 (6.5) years after the psychotic symptoms first became apparent.
Neurological assessments
The region of epileptogenic focus was determined on the basis of clinical and EEG observations described above.
Clinical features during the period of the most prominent psychosis were also assessed from the case notes. Seizure frequency was evaluated on a 6-point scale; seizure-free for more than 3 years, less than once a year, yearly, monthly, weekly, or daily. The patients were taking various combinations of antiepileptic drugs (AEDs), and the number of AEDs was used as a medication index. The main AEDs administered were carbamazepine (n = 30, 8 FLE and 22 TLE), phenytoin (n = 22, 4 FLE and 18 TLE) and phenobarbital (n = 17, 3 FLE and 14 TLE). Serum concentrations of each AED were within therapeutic ranges in all patients.
Lateralization of inter-ictal epileptiform discharges was also determined on serial scalp EEG recordings in waking and sleep states. Epileptiform discharges were considered lateral if at least 75% arose on the same side 22 . All FLE and TLE patients underwent standard brain computed tomography scanning (CT) and some underwent magnetic resonance imaging (MRI). All scans were visually interpreted by two of the authors (SN and SM).
Psychiatric assessment
To evaluate psychiatric symptoms in the period identified, the Brief Psychiatric Rating Scale (BPRS) 24 was used. Retrospective assessment of psychiatric symptoms using BPRS is not ideal; BPRS is designed for prospective evaluation. However, its use for retrospective studies has been validated 25 . Nevertheless, it was difficult to assess symptomatology through case notes using the original 7-point scale in each of the 18 BPRS items. Thus, we modified and reduced the scale to 5 points; 1, no clinical evidence of psychosis; 2, no overt symptoms in case notes but several hints of sign and/or symptom; 3, evidence of mild symptoms without disruption of daily life; 4, presence of moderate symptoms and disruption of daily life, and 5, presence of severe symptoms with severe disruption of daily life.
Cases were rated independently by three qualified psychiatrists (SN, SM, and NA). When case descriptions were insufficient for patient evaluation, the raters consulted with the psychiatrists who had treated the patients and observed the relevant episodes. A preliminary analysis by interclass correlation coefficient for a two-way random model 26 demonstrated the sum of the scores of the three raters to be highly reliable (intraclass correlation = 0.965, 95% confidence interval of 0.922 to 0.986, F = 28.2, df. = 17, 34, P = 0.000), suggesting that despite any differences in scoring, the evaluation method functioned well. When there was disagreement, the median score was adopted.
During the most active period of psychosis, 18 out of the total 48 patients (3 FLE and 15 TLE) were given antipsychotics; 11 (2 FLE and 9 TLE) were treated with haloperidol, 5 (all TLE) with thioridazine, and 4 (1 FLE and 3 TLE) with levomepromazine.
Statistical analysis
We first examined the clinical characteristics (continuous variables) using one-way analysis of variance (ANOVA). Fisher's exact test was applied to categorical variables with the StatXact programme 27 . Kruskal-Wallis one-way ANOVA was applied to rankordered variables.
To avoid multiple testing and to obtain mutually independent symptom profiles representing the 18-item BPRS categories, we used a factor analytic approach. Initial unrotated factors were extracted using principal component methods, and those with an eigenvalue of more than 1 were subjected to varimax rotation to facilitate interpretation. New factors derived by factor analysis were examined in relation to epilepsy type and mode of psychosis (i.e. post-ictal or inter-ictal) using two-way ANOVA.
RESULTS
Clinical characteristics
Clinical characteristics of patients are shown according to groups in Table 1 . Patients with post-ictal psychosis, regardless of the type of epilepsy, tended to be older at both onset of epilepsy and onset of psychosis than those with inter-ictal psychosis, but the differences were not significant. On neuroradiological studies, one FLE patient with inter-ictal psychosis showed mild bilateral frontal lobe atrophy and two TLE patients with inter-ictal psychosis showed mild unilateral atrophy in the temporal lobe that was concordant with the EEG abnormalities. No patient demonstrated any space-occupying region.
Symptomatologic comparisons
The raw BPRS scores are displayed in Table 2 . Among the 18 items, 4-psychomotor excitement, hostility, suspiciousness, and hallucinatory behaviour-had relatively high scores (>3.0) in all four groups.
The raw 18-item BPRS data were reduced to six orthogonal symptom profiles (see Table 3 ); these six factors accounted for 68% of the variance of the data. Factor 1, for which three symptoms (hostility, psychomotor excitement, and uncooperativeness) had greater loading, was labelled 'Aggressiveness'. For factor 2, greater loadings were noted in emotional withdrawal, motor retardation, blunted affect, and conceptual disorganization; and this factor was designated 'hebephrenic features'. Factor 3, on which hallucination, unusual thought content, and orientation disturbance loaded, was designated 'Paranoid features'. Factor 4, with high loadings of somatic concern, anxi- ety, and depressive mood, was designated 'Depressive and neurotic features'; factor 5, with high loadings of guilt feeling and grandiosity, was 'Inappropriate identity'; and factor 6 (mannerisms and posturing, tension, and suspiciousness) was 'Catatonic features'. We initially examined, by ANOVA, any interaction effects of epilepsy type (FLE vs. TLE) and mode of psychosis (post-ictal vs. inter-ictal) on each of the six newly derived variables (symptom profiles). There was a significant interaction effect on the hebephrenic features (F = 5.01, df. = 1, 44, P < 0.30). Table 4 shows that patients with FLE and inter-ictal psychosis had the greatest value in this domain, indicating that they were more likely than those of other groups to exhibit hebephrenic features. In contrast, those with FLE and post-ictal psychosis were least likely to show this symptomatology. As for patients with TLE as a whole, they are placed in an intermediate position.
We then returned to the original BPRS items (see Table 2 ) representing the 'Hebephrenic' factor scores, namely, emotional withdrawal, blunted affect, conceptual disorganization, and motor retardation. The kruskal-Wallis test revealed significant differences for only two of these symptoms, i.e. emotional withdrawal (χ 2 = 8.79, df. = 3, P < 0.032) and blunted affect (χ 2 = 7.93, df. = 3, P < 0.047); FLE patients with inter-ictal psychoses had the highest scores with respect to these two symptoms.
There were no significant interactions among the remaining five symptom profiles. Epilepsy type tended toward a main effect with respect to paranoid features (F = 3.40, df. = 1, 45, P < 0.072); TLE patients showed higher scores in this domain than FLE patients (mean values were 0.13 (0.98) and −0.45 (0.97), respectively).
DISCUSSION
We found that FLE patients with inter-ictal psychosis, but not post-ictal psychosis, exhibited hebephrenic symptoms during the active phase of psychosis, which were mainly emotional withdrawal and blunted affect. To the contrary, TLE patients, whether post-ictal or inter-ictal, tended to show paranoid symptoms. These results must be interpreted within the context of potential methodological limitations.
Limitations
First, this study was carried out in a retrospective manner. Patient's psychiatric symptoms during the active psychotic phase were assessed from case notes. The modified BPRS was not an ideal method for symptom ratings. Some subtle symptoms may have been overlooked, and positive symptoms, such as delusions and hallucinations, were more readily extracted than negative symptoms. This weakness of possible underevaluation affected the four groups equally and most likely would bias the results towards supporting the null hypothesis. However, our findings should be confirmed by prospective study.
Second, the assessors of clinical symptoms were not blind to the type of epilepsy. This could have biased the symptom ratings. However, specific hypotheses or predictions were not formulated before the assessments were made. In particular, this bias cannot account for the symptomatologic differences (i.e. hebephrenic features) observed between post-ictal and inter-ictal psychoses in FLE patients.
Third, the number of patients examined was relatively small. As many variables may be associated with the psychiatric features, a larger population is needed for accurate analysis of these complex phe- Table 2 : BPRS scores * by epilepsy type (FLE vs. TLE) and mode of psychosis (post-ictal vs. inter-ictal).
Somatic concern 1.0 (0) nomena. Non-significant differences in clinical characteristics may be the result of our small sample.
Implications
We found relatively high scores for BPRS items associated with delusions, hallucinations and psychomotor excitements. Our findings are compatible with an orthodox view that patients with epilepsy psychosis commonly show more delusions and hallucinations than hebephrenic symptoms (i.e. blunted or inappropriate affect, motor retardation and conceptual disorganization) 1 . Moreover, patients with organic delusional syndrome are generally described as showing a relative absence of affective flattening and retain warm feelings 28 . Hallucinations, delusions and psychomotor excitement may be, regardless of aetiology, most common in patients with organic disturbances. However, such generalization may ignore qualitative differences that arise from individual illness processes. In fact, our FLE patients with inter-ictal psychoses exhibited more pronounced hebephrenic symptoms than those with post-ictal psychoses. The clinical characteristics of inter-ictal and post-ictal psychoses have been regarded empirically as quite distinct, principally because confusion and disorientation associated with EEG dominant rhythm slowing clearly indicate an organic aetiology for the latter 5 . Kanemoto et al. 6 in a controlled study, reported that acute inter-ictal and chronic epileptic psychoses are more likely than post-ictal psychosis to mimic schizophrenia. Owing to less direct seizure effects on the phenomena, interictal psychosis may reflect an underlying susceptibility to psychosis. Pathophysiologic changes in the frontal lobe (possible hypofrontality) may enhance vulnerability to inter-ictal hebephrenic symptoms.
Specific symptoms among FLE patients with inter-ictal psychosis were emotional withdrawal and blunted affect, which are characteristic negative symptoms in schizophrenia 11 . Frontal lobe damage can produce a variety of neuropsychiatric dysfunctions knows as frontal lobe syndrome 10 . Patients with FLE often show attention deficit, difficulty in planning, and mental slowness 29, 30 . Furthermore, neuroimaging studies [13] [14] [15] of schizophrenic patients have shown negative symptoms to be associated with frontal lobe dysfunction. Liddle and Barnes 31 , for example, by positron emission computed tomography, found psychomotor poverty to be linked with altered perfusion in the prefrontal cortex. Wolkin et al. 12 demonstrated a relationship between negative symptoms in schizophrenia and pre-frontal hypometabolism, particularly in the right dorsolateral pre-frontal cortex. It is not surprising, then, that our FLE patients manifested negative features. In light of regional and symptomatologic similarities, it is conceivable that frontal lobe syndrome and the negative symptoms are quite correlative phenomena. Indeed, Andreasen et al. 11 reported symptomatic similarity or some overlap between the two phenomena.
Intriguingly, our TLE patients showed slightly, albeit non-significant, higher paranoia scores than did our FLE patients. The role of the temporal lobes in the psychopathology of epilepsy remains controversial. Several recent studies have suggested that the location of epileptogenic focus does not primarily affect psychiatric features in patients 32 . Edeh and Toone 33 reported inter-ictal psychiatric problems to be associated equally with temporal and extra-temporal foci. However, some evidence indicates a relationship between temporal lobe dysfunction and paranoid symptoms 31, 34, 35 . With the same subjects of this study, Nishiwaki et al. 18 reported with TLE/SLP patients to show more frequent delusional perceptions and more severe feelings or actions experienced as caused by external agents than did patients with FLE/SLP patients.
Psychiatric consequences of FLE have long been overlooked in comparison to those in TLE. It is possible that psychoses characterized mainly by negative symptoms have been underevaluated in FLE patients. Several studies 37, 38 reported a low frequency of psychosis in FLE patients. Dongier 16 found only two paranoid episodes in patients with FLE out of 94 psychotic episodes in patients with epilepsy. Slater et al. 1 reported that 2 out of 69 SLE patients were suffering from FLE. However, some psychomotor phenomena (such as certain types of automatism) have recently been considered to be of frontal lobe origin 17, 21 . Thus, earlier studies may have failed to differentiate between TLE and FLE. Furthermore, in clinical settings, some hebephrenic manifestations without apparent delusion and hallucination may be regarded simply as cognitive impairment. Based upon our present findings, detailed assessment are needed for monitoring negative psychiatric symptoms as well as cognitive function in patients with FLE.
